The shape and amplitude of the electron-plasma wave spectrum resulting from a "gentle bump" on the tail of the electron velocity distribution of a plasma is measured and found to be in good agreement with quasilinear theory.
Nonlinear theories of unstable plasmas are usually concerned with two principal problems: estimating the final wave spectrum and calculating the effect of the waves on the particles. The simplest instability that may be followed analytically to its nonlinear limit is a "gentIe bump" on the tail of the electron velocity distribution. The amplitude and shape of the spectrum as well as the change in the velocity distribution may be cal.culated from quasilinear theory. "
In this Letter we report an experiment designed to test the validity of this theory by measuring the electron-plasma wave spectrum resulting from the injection of an electron beam of sufficiently low density and large velocity spread to satisfy the assumptions of quasilinear theory. In prior beam-plasma experiments the initial velocity spread of the beam electrons was not sufficient to meet the requirements. ' To determine the dispersion relation, we consider a long cylinder of collisionless plasma in a strong magnetic field aligned with the axis. The plasma density is a function of radius only.
In the limit that the phase velocity of the waves is small compared with the velocity of light, the electric field may be derived from a scalar potential, and for the radially symmetric modes the dispersion relation may be found from d'4(r) 1 d4(r),~, '(r) where 4 is the wave potential, k and~are the complex wave number and angular frequency of the wave, co~'(r) is the radially dependent plasma frequency, v, the mean thermal velocity of the plasma electrons, and W is related to the plasma dispersion function' by W(x) =2Z'(-x/W2). Using the experimentally observed density profile, the numerical solution of Eq. (1) yields the potential profile 4 (r) and the complex wave number as a function of frequency in the absence of the beam.
Vfhen the beam in injected into the plasma, the real part of the dispersion relation is unchanged and the growth due to the beam is given by' nv, ' f, rdr 4'(r) [sf, (v, 
Vy where m is the mass of an electron and the limits of integration are over the flattened region «r, (v) These equations are the quasilinear predictions of the shape and amplitude of the wave spectrum from a "gentle bump, " and it is these results that the experiment is designed to check. Fig. 3(a) . We have also measured the growth rates of the spectral components by using the adjustable filter and plotting the log of the receiver power versus distance for a number of frequencies. These growth rates were used in Eq. (2) Fig. 3(b Recently the authors have proposed a new semiclassical theory of the characteristic energy-loss spectra of fast electrons in solids. In this approach, the electron is treated as a classical particle on the well-defined trajectory r(t) and acts as a time-dependent perturbation, linearly coupled to the quantized field of elementary excitations (e.g. , optical phonons or plasmons). The response of the system can be calculated exactly to give the field excitation probability and hence the energy-loss spectrum.
The trajectory could be chosen arbitrarily so that one could consider reflection cases (both specular and Bragg reflections) as well as the transmission case treated in the dielectric theory" of energyloss spectra.
In this Letter we present general formulas for the loss probability function appropriate to the specularly or Bragg reflected electron at the surface of a slab of arbitrary thickness. Application of the theory to the inelastic scattering by surface optical phonons in ZnO 
